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Abstract 
Anthropologic age estimation techniques are currently limited to teeth and bones and 
have significantly lowered accuracy when used for adult age estimation. We recently 
developed an epigenetic age estimation assay as an alternative forensic technique in 
which prediction models provided highly accurate age predictions for blood and 
dentin samples. Other matrices such as buccal swabs are equally relevant in forensic 
investigations. We demonstrate that the same set of 4 genes which we previously used 
for age determination of blood and dentin provides highly accurate age prediction 
results for buccal swabs too. A quadratic regression using DNA methylation values of 
specific CpG sites within the genes APSA, PDE4C, EDARADD and ELOVL2 
provided age estimation accuracies with a Mean Absolute Deviation (MAD) value of 
3.32 years for 50 buccal swabs.  
 
Introduction 
Forensic investigations frequently concern the identification of unidentified remains 
in which dental morphology and bone development are the only scientifically 
accepted methods for age estimation. A second domain in which age estimation 
would be useful is the identification of the donors of crime scene traces where 
estimating the age of the perpetrator could help the police in narrowing down the list 
of suspects. 
The ageing process leads to modifications in tissues and organs on a molecular 
level and recently a number of papers have been published on the association of DNA 
methylation markers with the chronological age of blood and dentin samples [1-3]. In 
the current study we aimed to expand the matrix on which this assay could be used 
towards other forensically relevant tissues such buccal swabs. 
 
Materials and methods 
DNA was isolated from 50 buccal swabs (age range 0-73) obtained from paternity 
cases with informed consent and approval form the University Hospitals of Leuven 
Ethics Committee (case number S58161). CpG sites in ASPA, PDE4C, EDARADD 
and ELOVL2 have previously been shown to be highly correlated with age in multiple 
studies [1-3] and were therefore selected to be included in this study. DNA 
methylation values of all 4 genes were obtained using pyrosequencing and were used 
to formulate regression models to predict age. All data analyses were performed in R 
v. 3.2.1. 
 
Results and discussion 
DNA methylation results of age-associated epigenetic markers ASPA, PDE4C, 
EDARADD and ELOVL2 obtained from buccal swabs of 50 individuals were used to 
develop the following quadratic regression model for age prediction:  
 
Y = 0.262248 + 0.337169 x X1 - 0.4406 x X2 - 0.005852 x X3 + 0.013301 x X4 + 
0.003708 x X5 - 0.006991 x X6 + 1.538265 x X7 - 0.931189 x X8 where X1 is the 
methylation value of ASPA CpG1, X2 the methylation value of EDARADD CpG1, 
X3 the squared methylation value of ELOVL2 CpG1, X4 the squared methylation 
value of ELOVL2 CpG5, X5 the squared methylation value of ELOVL2 CpG6, X6 
the squared methylation value of ELOVL2 CpG9, X7 the methylation value of 
PDE4C CpG1 and X8 the methylation value of CpG4. 
 
This model produced a Mean Absolute Deviation (MAD) of 3.32 years, which is 
slightly more accurate than the MAD of 3.75 years for blood samples and 
significantly more accurate than for dentin samples (MAD = 4.86 years) [1]. A 
comparison of the assay for all three matrices can be found in figure 1. No significant 
differences were observed between both genders.  All CpG sites of ELOVL2 were 
highly correlated in all three tissues even though we observed large methylation 
differences between blood, teeth and buccal samples e.g. CpG6 of ELOVL2 for a 20-
year old is ±60% methylated in buccal, ±45% in blood and ±10% in dentin samples, 
most likely representing tissue-specific gene expression differences. Further research 
is needed to test confirm these results on a larger data set and whether saliva, sperm 
and other matrices can be analysed using the same biomarkers. In addition, we are 
currently working on a multi-tissue age prediction SNaPshot™ assay which includes 
ASPA, PDE4C, EDARADD and ELOVL2 as age prediction biomarkers amongst 
others in order to decrease costs and lab-time. 
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Figure Legend 
Figure 1. Summary of the age prediction assay with ASPA, PDE4C, EDARADD and 
ELOVL2 for blood, dentin and buccal swabs. 
 
